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Determining Pulsation Period for an RR Lyrae Star  
 
As children we used to sing in wonderment of the twinkling stars above and many 
of us asked, “Why do stars twinkle?”  All stars twinkle because their emitted light travels 
through the Earth’s atmosphere of turbulent gas and clouds that move and shift causing 
the traversing light to fluctuate.  This means that the actual light output of the star is not 
changing.  However there are a number of stars called Variable Stars that actually 
produce light of varying brightness before it hits the Earth’s atmosphere.  There are two 
categories of variable stars: the intrinsic, where light fluctuation is due from the star 
physically changing and producing different luminosities, and extrinsic, where the 
amount of starlight varies due to another star eclipsing or blocking the star’s light from 
reaching earth (AAVSO 2010).  Within the category of intrinsic variable stars are the 
pulsating variables that have a periodic change in brightness due to the actual size and 
light production of the star changing; within this group are the RR Lyrae stars (“variable 
star” 2010).  For my research project, I will observe an RR Lyrae and find the period of 
its luminosity pulsation.  
The first RR Lyrae star was named after its namesake star (Strobel 2004). It was 
first found while astronomers were studying the longer period variable stars Cepheids and 
stood out because of its short period. In comparison to Cepheids, RR Lyraes are smaller 
and therefore fainter with a shorter period as well as being much older.  RR Lyrae stars 
are usually white or yellow giants.  They can be found in older globular clusters and 
because of this they are sometimes called cluster variables (“RR Lyrae star” 2010).  They 
are all Population II stars, which are a few billion years old; this is very old and their 
location in the old globular clusters rather than in the arms of spiral galaxies is indicative 
of their age. Spectral class is dependent on temperature and the temperature is related to 
the period.  For RR Lyrae stars, the periods are small and range up to 24 hours, this 
period corresponds with a spectral class range from A2 to F6 (“RR Lyrae star” 2010) 
(“RR Lyrae Variable” 2010).  
The basic principle behind the luminosity change of the RR Lyrae stars is the rate 
at which radiation escapes the star.  The rate varies by the following physical changes 
that the star undergoes.  First, within the star, the radiation pressure outward exceeds the 
force/pressure inward from gravity.  At this point the star is small and very hot.  The 
pressure imbalance then causes the outer layers of the star to expand, which begins to 
cool down the star (“Pulsating Variable Stars” 2004).  The star reaches hydrostatic 
equilibrium where the force outward equals the force inward, but unlike in a normal 
stable main sequence star, the outer layers still continue to expand, which shifts the 
pressure balance again (“Pulsating Variable Stars” 2004).  Now the star is bigger and 
cooler.  The expanding eventually stops and the star releases x-ray radiation.  The 
radiation pressure is now weaker than gravitational forces and the star begins to contract.  
As the star compresses, it heats up again because the star is trapping more photons. This 
causes the internal pressure to increase at a greater rate than gravity.  The star reaches a 
hydrostatic equilibrium and then begins to expand again due to the radiation pressure 
inside being greater than gravity, thus starting the process all over again (“Pulsating 
Variable Stars” 2004). 
What can be seen from this process is that physically the star is trying to achieve a 
hydrostatic equilibrium stability, however continuously gains too much momentum, 
expands and contracts too much, and must start all over again (“Pulsating Variable Stars” 
2004).  This process is completely unlike that of a stable star that stays at hydrostatic 
equilibrium and does not expand and contract.  This pulse cycle is what creates the 
varying rate of ejected radiation, which changes the star’s luminosity, and eventually 
changes the amount of light that reaches the Earth’s surface.  
 As the star’s internal pressure increases, so does the star’s temperature, however 
the star’s radius decreases.  This then effects the star’s light production in the following 
way. 
 (1) 
 
 In Equation 1, R is the star’s radius measured in meters (m), σ is the Stefan-Boltzmann 
constant with a value of 5.67 x 10-8 Wm-2K-4, T is the star’s effective temperature 
measured in Kelvin (K), and the Luminosity is the outputted power of the star, also 
known as its absolute magnitude, and is measured in Watts (W) or Js-1.   From this 
relationship, it is obvious that the star’s temperature effects the light production more 
than the stars radius.  This means when the star is small and hot, the star’s magnitude is 
greater than when the star is large and cold.  It is then observed that as the star begins to 
expand and cool down, its absolute magnitude is decreasing.  Then as it begins to 
contract and heat up, the luminosity increases and the star has a higher absolute 
magnitude.  During this project, the change in magnitude will be observed to find the 
period of pulsation of an RR Lyrae star.   
RR Lyrae stars have a short pulsation period that range from 0.2 days to 1 day, or 
anywhere from 5 to 24 hours (AAVSO 2010).  During the time period their luminosity 
can fluctuate 0.3 to 2 magnitudes (“RR Lyrae star” 2010).  The relationship between the 
difference in magnitude and variation in brightness follows a logarithmic scale, where the 
change in brightness equals 2.512 to the power of the magnitude change (“Star 
Brightness and the Magnitude System” 2010).  
 
 (2) 
 
In this equation f1 / f2, is the ratio of brightness that has changed, and m2-m1 is the 
difference in magnitude. This equation shows us that when an RR Lyrae star fluctuates 
between 0.3 to 2 magnitudes, they can increase in brightness by 1.3 times up to 16 times 
their brightness.  This means that when observing the pulsation from an RR Lyrae star, 
there is a wide range of acceptable period lengths and changes in brightness that my star 
may have.   
There is a period-luminosity relationship for RR Lyrae stars and this relationship 
is used for determining distances from Earth (Strobel 2004).  These distances are then 
used as indicators for other stars and sky objects.  Despite being dimmer than Cepheid 
stars, RR Lyrae are still good distance indicators because they all have an almost 
constant, small range of absolute magnitudes (Richmond 2010).  This can be seen in the 
following data plot. 
 Figure 1: Plot of data taken from variable stars within the Large Magellanic Cloud 
(Richmond 2010) 
 
 To determine distances of RR Lyrae stars, we first have to observe the magnitude 
fluctuation from the star and with this we have a light curve.  The average apparent 
magnitude along with the period can now be found.  With the period, the mean absolute 
magnitude can be found from a period-luminosity plot (“Cepheid Variable Stars & 
Distance” 2004). 
 
Figure 2: Period-Luminosity relationship plot for two types of Cepheid stars and 
RR Lyrae stars (“Cepheid Variable Stars & Distance” 2004) 
Figure 2 shows the period-luminosity relationship for the variable stars and this is 
an extrapolation from data taken in Figure 1 as well as other data sources of these stars.  
Using this plot, knowing the period of the star, we now have the absolute magnitude.  
With the apparent magnitude and absolute magnitude, we can use the distance-modulus 
formula to find how far in parsecs the star is from Earth.  The distance modulus equation 
is below (“Cepheid Variable Stars & Distance” 2004). 
 
 (3) 
 
In Equation 3, m is the mean apparent magnitude, M is the mean absolute magnitude, and 
d is the distance in parsecs that the star is located.  Using the distance of the RR Lyrae 
star, we can then determine the distance of the galaxy or globular cluster that the star is 
located in (Strobel 2004). 
As stated earlier, main sequence stars are stable and RR Lyrae stars are not.  This 
means that these unstable stars are found in different locations on the Hertzsprung-
Russell diagram.   There is a region on the HR diagram, where Cepheids are always 
found within and this is called the Cepheid instability strip.  RR Lyrae stars are found 
within this band because they are very similar to Cepheids.  Their location is also 
dependant on their fusion-generating helium core, as well as their small period and 
smaller mass (“RR Lyrae Variable” 2010). This can be seen in the following figure.  
 Figure 3: HR diagram containing Cepheid instability strip where Cepheids and 
RR Lyrae variable stars are located (“RR Lyrae star” 2010) 
 
Figure 3, shows the RR Lyraes’ location, as well as the Cepheids, on the HR diagram 
within the instability strip.  The HR diagram shows the temperature of the star, the 
luminosity of the star and the star’s spectral classifications.  
 There are two main types of RR Lyrae stars: RRab and RRC.  The difference 
between these two types is in their luminosity fluctuation (period-luminosity relationship) 
and can be seen in the differences of their light curve.  A light curve is a plot of 
brightness versus time.  An RRab star will have an asymmetric light curve, where the 
star’s brightness will increase in a steep curve to a high magnitude and decrease gradually 
(“RR Lyrae star” 2010).  An RRC star will have a symmetric sinusoidal light curve, 
where the star’s brightness will increase and decrease at a similar rate (“RR Lyrae star” 
2010).   RRab stars will increase to a higher amplitude of brightness than RRC stars, who 
have a more common amplitude maximum of less than one magnitude.  RRC stars also 
commonly have shorter periods, less than 0.35 days or 8.4 hours, while RRab stars 
generally have a longer period, greater than 0.42 days or approximately 10 hours (Poretti 
2010).  The following figure shows the light curves of RRab and RRC variable stars.    
 
 
Figure 4: Luminosity vs. Period of an RRab star, taken from MM5-B_V31 (Poretti 2010) 
 
 
 
Figure 5: Luminosity vs. Period of an RRC star, taken from BW1_V11 (Poretti 2010) 
 
Recently a Northern Sky Variability Survey collected data using a telescope from 
the Robotic Optical Transient Search Experiment and found over 1000 RRab and RRC 
stars.  The Astronomical Journal in September 2006 posted an article called “Analysis of 
RR Lyrae Stars in the Northern Sky Variability Survey”.  In this article, only the RRab 
stars with a magnitude brighter than 14 and a distance within 5 kpc from the sun were 
used and this is because of their clean and precise light curves.  This data helps create a 
more inclusive catalog of RRab stars within the Sun’s solar neighborhood.  However, 
within this article, the pulsation periods for six RRab stars were unable to be determined.  
These six stars can be found in the table below.   
 
NSVS ID R.A. (J2000.0) Decl. (J2000.0) Period 1 (days) Period 2  (days) 
11570713 318.6590 7.6242 0.46169 0.31593 
11647538 322.7000 17.6452 0.37979 0.61282 
15961396 187.7340 -14.0363 0.54893 0.35358 
16061651 208.2150 -13.8435 0.54246 0.35138 
17104793 303.9150 -12.4860 0.57206 0.36360 
17575093 45.3470 -28.7829 0.59718 0.37357 
Table 1: Undetermined Periods for six RRab stars (Kinemech et al. 2006) 
 
 As can be seen from the table, there are two different periods that the NSVS 
found for these stars using two different methods.  The first method was the 
Supersmoother routine that smoothes out and averages the observations into a curve, 
which is then fitted to different frequencies to determine which fits the smoothed curve 
best.  The second method was the cubic spline solution that interpolates a curve 
piecewise continuously.  With every star but these six, the two methods yielded the same 
period.  Since these six stars have periods that do not agree with each other, an IRAF 
phase dispersion minimization (PDM) algorithm was used to try and confirm either 
period, but this was also not successful (Kinemech et al. 2006).  For my senior project, I 
will be trying to confirm or determine the period for one of these six RRab stars. 
 Every star rises at different times in the sky.  While all of these six stars are found 
in the Northern Hemisphere, all of them rise at different times, making some of them 
unobservable depending on the time of year.  The software program skycalc can be used 
to determine when the star can be observed.  The first thing to look at is when the star 
will rise, a star cannot be observed if it is beneath the horizon, nor when the sun is still in 
the sky.  The second criterion is the star’s air mass.  A star is difficult to observe 
accurately and confidently when it is too low in the sky.  This is because the telescope 
looks through too much atmosphere and the incoming light from the star is dispersed and 
interfered with due to refraction and reflection within the atmosphere.  Because this effect 
causes the light data to be unreliable when determining magnitudes, a star should not be 
observed unless its airmass value, also called sec(z) (due to its angle from the zenith) is 
less than a value of two.   
 With this in mind, I looked at the skycalc results for all six stars and determined 
that only two would be observable.  These two stars are named NSVS15961396 and 
NSVS16061651.  The star that I chose to observe is the latter, which I will now refer to 
as my target star.  I chose this star because it rose later in the night than the other star and 
as the season progressed it would rise earlier, but not too early that the sun would still be 
up.  An example of my target star’s skycalc output can be seen in the following table. 
 
 
 
 
Local UT LMST HA secz par.angl. SunAlt MoonAlt 
        
20 00 3 00 08 13 -5 40 (down) -54.6 -2.5 4.8 
21 00 4 00 09 13 -4 40 7.622 -50.7 -14.1 ... 
22 00 5 00 10 13 -3 40 3.172 -44.8 ... ... 
23 00 6 00 11 13 -2 40 2.136 -36.4 ... ... 
00 00 7 00 12 14 -1 40 1.726 -25.0 ... ... 
01 00 8 00 13 14 -0 40 1.558 -10.6 ... ... 
02 00 9 00 14 14 0 21 1.538 05.5 ... ... 
03 00 10 00 15 14 1 21 1.653 20.7 ... ... 
04 00 11 00 16 14 2 21 1.966 33.1 ... ... 
05 00 12 00 17 14 3 21 2.719 42.4 ... ... 
06 00 13 00 18 15 4 21 5.197 49.1 -10.1 ... 
Table 2: Finding chart for target star NSVS16061651 on April 9, 2010 
 
 This table is useful because it shows where the star will be in the sky for local, 
universal, and local mean standard times.  The hour angle explains how low/high the star 
will be in the sky, where the lower the absolute magnitude of this number, the closer the 
star is to the meridian.  As explained before, the sec(z) is the airmass of the star, where 
the lower the value, the less interference from the atmosphere.  The table also includes 
parallactic angle information, which is zero when the star crosses the meridian, and can 
be ignored for this particular project.  The last two important columns in this table are the 
sun and moon altitudes.  The best time to observe the star is when the sky is the darkest.  
The star cannot be observed when the sun is up and it is preferable, but not necessary, to 
have the moon be low or set. Therefore, the sun’s altitude must be indicated as either a 
negative number or an ellipse (…) (which means it has set) and the moon’s altitude 
should be a low number if not negative/set.  
 Using all that information and looking back at Table 2, you can see that there are 
only approximately four hours of reliable observing for the target star in one night.  The 
star’s pulsation period is predicted to be approximately eight hours long, which means 
that it would not be possible to observe the star’s entire period throughout the night.  As a 
result of this, it became necessary to get as many nights of data of the target star as 
possible.   
 The first step is getting the observatory on campus working.  Because the dome is 
used on Mondays and Tuesdays for eyepiece observing, it is necessary to switch in the 
CCD camera that will be taking pictures of the star.  After this, I had to open the dome 
and turn on the focuser, CCD camera, and telescope.  Next, I turned on the computer and 
opened up the programs Starry Night and CCDSoft.  Starry night is used to show what 
part of the sky the telescope is pointed at as well as overall controlling the telescope, 
while CCDSoft controls the CCD camera that takes all the exposures.   
 There are four different types of pictures the camera needed to take.  The first are 
flats.  Flats need to be taken right after the sun sets or right before the sun rises.  This is 
the time where the sky is best equally illuminated and can therefore show any 
discrepancies in the illumination of the image from the lens.  Examples of this will be 
dust and the edges of the image not being as illuminated as the center.  This uneven 
lighting can then be normalized and divided from our final science images, to get a more 
accurate reading of our star’s light.  An example of a flat taken during some of these 
observations can be seen in the following figure.    
 Figure 6: Flat from observations 
 
  The second types of images that need to be taken are biases.  A bias shows any 
pixel count offset that the camera adds to each image, this is a finite count number and 
doesn’t change with time.  These need to be averaged and subtracted from each image in 
order to get reliable light readings.  An example of a bias that I took during one night of 
observing can be seen below. 
 
 
Figure 7: Bias from observations 
 
 Darks are the third type of images that I took during observations.  Each camera 
has a dark current leakage that adds background counts linearly the longer the exposure 
time of the image.  Therefore, in order to get images with trustworthy pixel counts I had 
to take darks with approximately the same exposure time as my science images.  I went 
through the same process afterwards of reducing the image of my target star by the 
average of these darks.   An example of one of my darks is below. 
 
 
Figure 8: Dark from observations 
 
 
 Lastly, I needed the exposures of my target star.  In order to take pictures of my 
star, I first needed to find it.  This is actually a complicated process because beforehand 
the telescope needed to be centered and synced with Starry Night and then focused.  It 
took me a few nights of observations to become adept at these procedures.  Finding my 
star was also difficult.  My star’s coordinates are given in right ascension and declination.  
Right ascension can be likened to longitude and is the angle east of the vernal equinox 
found on the equator.  Declination is the astronomy equivalent to latitude and is the angle 
north/south from the equator.  Both of these coordinates can be seen in the following 
image. 
 
 
Figure 9: Coordinate System of Right Ascension and Declination (Wallace 2010) 
 
 
 The coordinates of my star in the year 2000 were Right Ascension 208.2150 and 
Declination -13.8435.  I had to change these coordinates from decimal degrees into hours, 
minutes, and seconds so that I could input them into the telescope controller as well as 
online star databases.  These converted coordinates then became R.A. 13:52:51.6 and 
Dec. -13:50:37.  When I put these coordinates onto Aladin sky atlas online, I was able to 
observe my star and the sky around it.  This was helpful because it showed me my star’s 
neighbors and their configuration and with that I was able to identify which star was my 
target star when looking at the portion of sky at my coordinates.  The coordinates that I 
had for my star were for the year 2000 and my star had moved since then due to the 
Earth’s precession, although this wasn’t a drastic change, so I had to account for this 
minute change.  However, finding my star was hard in itself because the star and it’s 
neighbors were so dim; I would spend hours looking for and then eventually finding my 
star at a location of R.A. 13:53:34.02 and Decl. -13:59:10.02.   
 Because the Starry Night program does not have my target star in any of their 
catalogues, I had a hard time locating the star there.  It helped to know that the star was 
located in the Virgo constellation, but I needed a way to quickly slew (move the 
telescope) to it.  The way that I did this was I determined that my star was located right 
next to a star named USNOJ1352515-135036 and this allowed me to find the star on the 
software, without having to go inside the dome and use the controller to input its 
coordinates.   
 The first time I went to Aladin and got a finding chart of my star, the field of view 
was 10’ x 10’, which was too small for me to identify any visible landmarks near my star.  
Also, the stars within this frame were actually pretty dim and not even visible on Starry 
Night or a short exposure from the telescope.  To be able to find more prominent 
landmarks near my star that would allow me to identify my star next to them, I had to 
zoom out and get a bigger field of view in Aladin, which was comparable to the 
telescope’s field of view of 11’x17’.  Once I did this, I had a finding chart that was 
successful in finding my target star.   
 It was also necessary to observe the neighboring stars to my target star.  For every 
night I took data, I made sure to have other stars in the image frame.  This meant that 
when analyzing the light data I would be able to determine the atmosphere’s effect on the 
stars that have constant magnitudes.  I could then subtract this effect from my star, which 
would make any change in magnitude or noticeable light trend from my star be a more 
reliable and pure result from the pulsation rather than atmosphere interference.   
 The following image is the finding chart that I used while observing.  My star, as 
well as the comparison stars I used, is indicated.   
 
 
Figure 10: Finding chart of target star and comparison stars 
 
 
 In this figure, my star is located in the center of the image, labeled Target Star.  
To the right of the target star are three of the comparison stars that I used and are in the 
form of a crooked line with an equally bright star above the middle star.  In the figure 
they can be seen in the colors: red, blue, cyan, and magenta.  The bright, star seen in the 
left was also used as a comparison star when determining atmospheric effect on our 
measured light and is labeled in the color yellow.   
Although I had two quarters to do this project, from the months of January to 
April, there were constant weather issues.  Predictably, when it is raining or when it is 
cloudy, I am unable to take data.  This was a constant issue that I had to overcome.  
Another challenge was that it took me many visits to the observatory to be able to focus, 
center, and actually find my star successfully on my own.  It was much more challenging 
than I had previously thought because I was doing everything on my own.  Another 
challenge in this project was how long the exposures had to be to even see my star.  The 
star was dim enough that it needed exposure times that ranged from 10 to 19 minutes. As 
a result of weather, other school priorities, and a general lack of knowledge in telescopes, 
I had only five successful nights of data of my star’s light for this project. 
 After taking the images, I then had to reduce the data.  To do this, I used the 
previously mentioned darks, biases, and flats that I took each night along with my science 
images.  I averaged the biases, darks, and flats and then subtracted the darks and biases 
from my science images and then divided by the average flat.  Theoretically, this left me 
with only data from my star.  An example of one of my reduced images of my star is 
below.   
 
Figure 11: Scientific image from observations 
 
As can be seen from my exposure, the star patterns are flipped upside down, but 
the pattern is still very obviously similar to the Aladin finding chart seen in Figure 10.  I 
have labeled the target star and comparison stars similarly so that I could easily identify 
them.   
Next, I had to do photometry on my star and the neighboring comparison stars.  
The form of photometry I used is called aperture photometry.  To do this, I observe the 
stars on the computer and use a program that adds up the entire pixel counts within the 
Gaussian distribution of my star’s circular light and then subtracts the background counts 
that surrounds my star.  To do this, I have to determine the star’s radius and FWHM so 
the program knows how big the star is on the screen and then can add the counts up 
accordingly.   
To determined all of the stars’ magnitudes using aperture photometry, I had to 
implement a complicated process of opening up each photo in a ds9 program in IRAF, 
determining radius and FWHM parameters, and then indicating which stars in each 
picture I wanted to get magnitude values for by using a program called phot.  Sometimes 
the software was unable to find the magnitude because of errors such as over-saturation, 
misshaped stars due to tracking problems from the telescope, or if one star bled into 
another star.  I then translated the dates and times into the corresponding Julian date so I 
would be able to put all the star’s magnitudes into one plot despite acquiring it different 
nights.  The data that I was able to use is listed in the Appendix at the end.   
 Each night of observation uses different comparison stars, although most of them 
are the same.  The reason for this is because sometimes their magnitudes were unable to 
be found on the IRAF program or the exposure frame taken during observations would 
not include all of them.  This means that each nights data will be offset a number of 
magnitudes from each other, but the overall fit and curve should still be able to be 
determined using our fitting software.   
 The plots of each observation session with the target star the comparison stars, 
and the average comparison star’s magnitudes can be seen in the following plots. 
After I had these plots, I took the average comparison star’s magnitudes and then 
subtracted them from my target star’s magnitudes.  I also put all the star’s data onto one 
plot, which can be seen in the figure following those from each night of observation.  
This plot is the resulting culmination of all my data from all five nights of observations.  
The magnitude values are obviously offset due to them being a calculated difference from 
different control stars rather than the actual measured magnitudes of the target star itself.   
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Figure 12: Star Data from 4.14.10 
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Figure 13: Star Data from 5.5.10 
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Figure 14: Star Data from 5.7.10 
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Figure 15: Star Data from 5.19.10 
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Figure 16: Star Data from 5.21.10
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Figure 17: Star magnitude differences from all observations
 The program that I used to determine the period of pulsation for my RR Lyrae star 
NSVS16061651 is called Peranso and it is used for period determination.  I took all the 
data of my star’s magnitude minus the average comparison star and created a text file.  I 
then uploaded this text file onto Peranso and set it to Period Determination mode.  I also 
had to make sure that the program knew that I was inputting data from different 
observing sessions so that it would know the data was offset from each other.    
 Unfortunately, Peranso was unable to come up with a definitive fit for my star.  I 
tried multiple fitting programs within Peranso, such as Lomb-Scargle, which is a Fourier-
based spectral method, and none of these algorithms were able to come up with an 
accurate period.  One program came up with a period that would be the overall best fit for 
my data, but not necessarily an absolute answer for what the period is. This period-
determination method was called ANOVA, which stands for analysis of variance.  The 
way ANOVA works is that it takes the data and organizes it into groups associated with 
their variance and then performs statistical tests to see which pattern fits the data the best.  
The plot that ANOVA produced is seen below.  
 
Figure 18: ANOVA Period Determination Fit from Peranso 
 
The y-axis is labeled as theta and is the intensity for each tried period fit, the 
higher the intensity, the more accurate the peak.   The x-axis is the period as a fraction of 
a day.  As can be seen from this plot, there is a maximum theta intensity at a period of 
0.67 days.  Normally when the fitting software finds the fit for the data, intensity can 
easily reach a value of 1000, or a peak value that is much greater than all the background 
fits.  The fit that ANOVA determined for me is not much more intense than the other fits.  
However, this was the best fit overall for my data, so I went into excel and divided all my 
dates by the predicted period of 0.67 days and then got rid of anything before the decimal 
place so that the data would be organized in terms of a fraction of the period.  I plotted 
this data and came up with the following plot.   
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Figure 19: Best fit period of 0.67 days for target star 
 
As can be seen from the figure above, the fit is not exactly perfect.  There is no 
repeating overlap of the data that would lead us to the conclusion that the observations 
show a repeating period magnitude change, however there are also no discrepancies that 
would rule out this period fit.   Despite this, I do not have any confidence that the best-fit 
period that I determined is the actual period for my star.   There are too many gaps in the 
data to make a definitive statement about the fit of this period.  This fit of 0.67 days is 
approximately 16 hours and while this is a plausible period, it is still significantly greater 
than either of the two periods that the Northern Sky Variability Survey observed.   
There are a few reasons why I believe I was unable to come up with a conclusive 
fit for my star’s pulsation period.  The first is that I was unable to get enough data; there 
were not enough data points of magnitudes for my star to come up with a definitive fit.  
Another reason is that I think the star’s magnitude fluctuation was quite small, I’d predict 
less than a complete magnitude variance.  As stated earlier the magnitude fluctuation can 
be anywhere from 0.3 to 2 magnitudes.  We have no way of knowing if this star’s 
magnitude change is close to the 0.3 range and it would be very difficult for our telescope 
equipment to be precise enough to accurately and consistently determine such a small 
change when there are so many other variables that could vary the light measured. Some 
of these variables could be that the atmosphere wasn’t completely cancelled out, the 
telescope wasn’t completely focused, the telescope tracking was off and therefore there 
were a loss of counts, the star’s shape wasn’t completely circular and the Gaussian 
photometry fit was off when determining the magnitude, etc…  The star is so low in the 
sky from our reference point that our telescope has to look through so much atmosphere 
to get the star’s light.  It was also an issue that the star was so dim.  The exposures were 
limited to being at a minimum of 10 minutes and since the star is so low in the sky it is 
only visible for a few hours a night.  This means that I can’t take that many pictures of 
the star, as opposed to double the pictures I would get if the star was bright enough for 
five minute exposures.  The last great issue that I had with this star and determining its 
period, is that the star has such a long period.  A predicted period of 8 hours is very 
inconvenient when I am limited to a few hours of observing the star each night.  It would 
be much more convenient if I had had a star that was high in the sky, brighter, had a 
greater magnitude variance, and a shorter more observable period.  
However, this experiment was not a complete disaster.  While a pulsation period 
was never accurately determined, I learned a lot about observational astronomy, more 
than I would or have in a classroom.    The very act of going in for so many nights and 
learning how to center and focus the telescope was very time consuming but useful if I 
decide to go into this field.  I also learned a lot about how to find stars and then how to 
tract them with the telescope.  In conclusion, I learned a lot about operating a telescope 
on my own, as well as learning the science behind variable stars, but specifically RR 
Lyrae stars.  Although I suffered much frustration during these nights of observing, I 
learned a lot and gained much from the experience.  One of the most valuable lessons I 
learned was that in science, sometimes you don’t get a result.   
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Appendix 
 
  4.15.10   
Jdate (+2455300) Star Mag Uncertainty Control Star Uncertainty 
0.83401 19.62 0.11 17.00 0.04 
0.84218 19.52 0.07 16.67 0.02 
0.85923 20.13 0.13 17.09 0.03 
0.86690 19.78 0.09 16.84 0.02 
0.87436 20.09 0.11 16.88 0.02 
0.88397 19.85 0.10 16.71 0.02 
0.89117 19.63 0.08 16.61 0.02 
0.89834 19.83 0.10 16.6 0.02 
0.90562 19.45 0.07 16.72 0.02 
0.91287 19.76 0.09 16.83 0.02 
0.92008 19.46 0.06 17.23 0.03 
0.93033 19.55 0.08 16.71 0.02 
0.93833 19.52 0.08 16.65 0.02 
0.94600 19.77 0.10 16.71 0.02 
0.95359 19.86 0.10 16.74 0.02 
 
 
   5.6.10    
Jdate (+2455300) Star Mag Uncertainty Control Star 1 Uncertainty Control Star 2 Uncertainty 
22.82006 17.13 0.03 13.960 0.003 16.75 0.02 
22.82901 17.40 0.03 14.038 0.003 16.91 0.02 
22.84092 17.28 0.03 13.902 0.002 16.71 0.02 
22.85040 17.26 0.03 13.858 0.002 16.67 0.02 
22.86112 17.55 0.03 13.939 0.004 16.88 0.02 
22.87479 19.12 0.16 15.575 0.007 18.38 0.09 
 
 
   5.8.10    
Jdate (+2455300) Star Mag Uncertainty Control Star 1 Uncertainty Control Star 2 Uncertainty 
24.73088 17.68 0.05 16.94 0.03 17.71 0.05 
24.73811 18.16 0.73 17.42 0.04 18.35 0.09 
24.74561 19.11 0.16 18.28 0.07 19.02 0.14 
24.75852 18.44 0.11 17.31 0.04 18.81 0.15 
24.76735 17.60 0.04 16.76 0.02 17.81 0.05 
24.77598 18.37 0.08 17.38 0.03 18.35 0.08 
 
 
 
 
 
 
 
 
  5.20.10   
Jdate (+2455300) Star Mag Uncertainty Control Star Uncertainty 
36.82463 17.06 0.02 16.85 0.02 
36.83468 17.06 0.03 16.82 0.02 
36.84204 17.13 0.03 16.82 0.02 
36.84972 17.20 0.03 16.92 0.02 
36.85898 17.50 0.04 17.17 0.03 
36.86864 17.48 0.05 17.08 0.04 
36.88198 17.81 0.06 17.34 0.05 
 
 
   5.22.10    
Jdate (+2455300) Star Mag Uncertainty Control Star 1 Uncertainty Control Star 2 Uncertainty 
38.70466 17.56 0.05 17.21 0.04 17.91 0.08 
38.72633 17.44 0.05 17.15 0.04 17.50 0.05 
38.73366 17.32 0.04 17.07 0.03 17.47 0.05 
38.74081 17.30 0.04 17.13 0.04 17.55 0.05 
38.74976 17.35 0.04 17.01 0.03 17.60 0.05 
38.75695 17.42 0.04 17.09 0.03 17.60 0.06 
38.76412 17.45 0.04 17.02 0.03 17.67 0.06 
38.77129 17.44 0.04 17.17 0.04 17.72 0.06 
38.78091 17.38 0.04 17.10 0.03 17.65 0.06 
38.78811 17.35 0.04 17.16 0.03 17.68 0.05 
38.79812 17.46 0.04 17.19 0.03 17.50 0.04 
38.81590 18.16 0.06 17.78 0.05 18.63 0.11 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
